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(57) [^fi^CDSH] 

(C4>&< ifcTiCDffeJCV.Nb.Ta.Cr.Mo.W.tAi.Ni.Pd.Pt.C 
u.Aq.Au.CSi.Ge.Ru.Os.RhSe^Ir^^fiS-Silf^^jatiiT. 

/c4>&< i i mojtm&^ttTims&cpmmzm-rz 

[W*^2 ] ±feTi©fte«CV,Nb,Ta,Cr,MD,w,Mi,Ni,Pd,P 
t.Cu.Ag.Au ,C ,Si ,Ce, Ru.Os ,?mx>lrfr tbfcZUfrhm 

[m*m3] miZTm-&&tpmm< l cttvx. v.Nb.Ta.c 

r.MD.W.Wi ,Ni ,Cu ,C,SiR&Get>>t>f£2>mtir>t>Ml* titc'p 
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C £ £ -T 5«ftlt*©«if 3 JStas«S©8 
[19^115 ] BJIBTiS^ttirailCC^f LT. Ru.Os.Rh.I 
S©7C^%^*^-CDfflR£l:k*^a-C0.lat%Ji(±l0at% 

t> 1 a©7n^*#*-&©ffl«yt*SMfi-Clat%iy±7.5at 
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<* a 

e,Sm t FeRa r O*»60E48^6a«*lfciI>tt< 4& 1« 
(Dtc^S: ^<&^ <D»!3EJ:b&*l®Sr 0 . iat% fc* _b2 5at%« 

(ommmMnmmWo io 

[lf*S9 ] fft&CtM&&W1&&. Zr,Ti ,Hf ,Ta,Ru,Rh, 

pdRtf pt*6jsss»3^6atftifc^>a < 4 & i s<dtc^ 

i o ] BfrfB#18ft««4 OX. 3itfb;tf5*g 
fi. Ni-P^**B##Al^g«Ktf-fe^ 5 y#*m 

s© fiih ^ i « * ffl i > « c i * w« t -r a ^stat^on 
cs»*si i ] mm&<Dmamim*i<>bmicimtc& 20 

^mrAnR<omis^mim^m^mi^t ura 

&PB57~17282^CC5S3R<?>J: ^CC % ®tt^4 UTCo-Cr 

^snrsr&'K *<Dfc»4*BSHB49-749i2^«L 
4^nfcTiKttM£Rtt» «*te*sW»urtti,> c we 

|fiJtt&»4ffi*^«C StlT 1*4. 1#ggBS58-l336 

^ccsstBBE«ia^«»fflc[>s«iur. jm^i&zm 

ir^Ci^>, S f>CC^BS62- 14322 7 ,62 -143228 .62 - 40 
143229^^*(CttTtl!l»iCrTi^i|3fffljl*Rtt. 3 
^CCfffl4B<D« H ^S*io~300nmiT5C<f:r, 

ftrc>& 0 

[ %BW8?& b <fc 5 4 -T £ BKH ] 
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**Al^£««±(Cfl^Co-Cr&££RF;*^ ? 5? l> > 

fiErjKSEo«Ftt«rifffiLr*fc. ccrcr<DS§j&{i5-~ 
25at%. mmm<DmfeMB[ : ^S~l5O"C t Ar^X0E3- 
30mTorr {0.4-4Pa} , SA^SS 1 — 10W/cm 2 JgJ¥6 
0--250nni4 Lfco l^tl<^Co- CrJSfeffii^ftO{S^ 

AO JO &io* H±i»<, fi»ttSie«SfbJRtt»6ti«i: 

*>ofc. Wb^xss(cot»r<>n«rftoft:. cti 

«Ni- PtS*^*fb//5^lt«tta«^«3MS««CJ:b 

»s eiifflcDfiSttMcc fee >r tsi > f e^se^ it/sr h cc 
*£c4#*n?>tiri>£ 0 

qa»9W)0F3£ec <t ti«. _hfB<D B W53:mrlB^^tt^^B 
<h UrTi(DftkCCV f Nb f Ta,Cr,M3 f W,^,Ni ,Pd,Pt,Cu,Aq t A 

cfcO^SSti^o C<DTiS^WflBCc3*Lr, V,Nb,T 
a.Cr.hto.W.Wi.Ni .Cu.C.Si.C^e^c^Sf^^il^tx/c^ 

±25at%«T^M$l/<. Pd.Pt.Aq.Au.Ru.Os.RhR^Ir 
^6fiS*»*6»tfti^ft< i i> 1 QcOtc^^^ 
Offl^fc«Mfiro.lat%JW±10at%JMT<!:T-S C 
I^IK 3 6«c. WflBTiS^**HIBtc»Lr. ««c 
to.TaO^ ^fSJtl^ 1 «(D7c3R<DfflJiEJt^5at%«±20at 
%«Tr^4C<h^J:0a*L/< , Pd,Pt,Ag,Au,Ru,Os, 
Rha0flr*^^S8*^a«tl/c7^*^*<D^J:t 
^firiat^«_t7. 5at%«T<b T4 C 4*5 J: 0 SI* L 
H«riBA* B ^(D?»tt^^B4Lr(3:Co€r50at 
%W±^^. S ^CCCr.V.Mo.W.Ti.Mn.Re.Sm.FeRC^O^ 
6^48¥X^6a5*ti/c^cC< 4 1 «C[>7C**l8jir 
0.1at%«±2 5at%I^T^tfCo-X27C^|g^fflC^ 

4. 65^^t4cD±r<l:0^mWr*4 o s^tt:, W1BA 



Jjg s $k<DM&&&Mt It, Zr,Ti,Hf,Ta f Ru,Rh,Pd&t>* 
aro.lat%JM±i5at%JaTSOCto-Y2TC^*»H*ffl 
tltc'P%:< lScO^^Sro.lat%fcLt25at% 

[flUH] 

159225, 59- 22236, 59~ 22225,59- 33628*t&ftfc 4T«C# 

»; Y s K«©»«fcttK«Ji«:Tij»«t^Lt:Q>-cri»B 

«Ptt"r*C4-C. C6-Cr«tt«<DlSHIBrSltt*^i 

RFX'*9 jMJ > ^t?SSiaS : gia-200°C,Ar* r XE 
3~30mTorr {0.4— 4Pa) , SAflKjSlS 1 ~10W/an l £ 
L/r)Sii20- 600nmCDTiEtiraB*^L. 
r ^ /¥ 60- 2 5 OnmCOCo - C £ L % ftte* 
HMffib/c, CiSfij&&CO<,>T t* 5 —25at%* TSEitrtW* 
Ofc. Ti*PJJB*S:^4C<btcJ:Ocb--Cr<0 

©Wt&ftS«ic2f u r »c > Tti<Dtt£v €> a 6> s 0 fcfcft 5 

* &KC»cflE|qlf£«#r4MaV«&nft:. Ch[t Ni 

*fc¥-tfim<s Tit|3ifflH<o»«aBr*scffi<oiBfiife 

t\ TiCC4A,5A,6A,7A,8,lB,2B,3B,4B,5B,6B^<D^3££ 

fe, TiC0ffi(C, V.Nb.Ta.Cr^.W.Mi.Ni.Pd.Pt^u.Aq.A 
u.C^i.te.R^Qs.Rh&tflr^^ 

titnx. #»tt«R±ccaii«:c*kWKrSiLac^ci3&J 

RHEED,X»H»rffitt£«:J:0W6*6Cttoft:. HR. HI 
41(a) CC«Ni-P»«±CCjgfiJcOfc, TiCCNb,TaCC 

asfin l /^Tis^^^g <t -e<o±«cj|gfiS u /ceo- cr*a& 

Nb,Ta<DH^^ 1 mO)W&lb&5at%a±20aX%aLT<D£ 
*K1, Ti - Nb t Ti-Ta&&tpmmRU : <JO- Crm^^M 
©002SMOA 0 s » < > *ca>- CriHtt^HCD 

W.Mn , Mi ,Cu ,C .SiSVCe^ hfc&miP h m&tltt7x3k<b 



(3) #1*2 6 69 52 9 

6 

CCNb,TaCDC^n^ 1 «*8SfflIL fcHtt. V,Cr,Mo,W,Ni , 
Cu,C,SiRO*Ge<D 1 L/fcW&CCJt^rWAtt^ 

BtCNb,TaOHft*P 1 «^5at%«±20at^t<T^ttILfc 

^fc«tm^cWiEi6itt3W#6n/c 0 s etc, 

(b) tett, Ti6CPt,Pd^r^»nL/cTiS^i*3r4®±^: 
««Ofco>-criBtt^dlB<Dc«iEfiltt**r*« fc TiS 

5at%«TOi#CC. «FtCCo-Cr^tt^^jl<Dc#g2r&J 
tt^S t > C £ £ e Ru ,0s , Rh ,Ir .AfljRV Alc^ 6 JSSS 

^Titc Ru ,0s , Rh , Ir , Aq , Au , Pt , POD^&Z mM L /c*§ 

TiCCV,Nfo,Ta,Cr,MD,W,&ti f Ni,Cu,C,Si ,Ge$r?^JnL//cTiS 

^^ccht^r, cti6CD-&^^»BflB , rtt*S3WiHfi: 

<fc v CCOcfc^K:, V^b.Ta.Cr.lto^^N^Pd.Pt.C^Aq, 
20 Au,C,Si ,Ge,Ru,Os,RhS^Ir*^^-S^e>il«tl/c^ 
tt< ife l«O5c**Titcasai-rSCiCCj:0, TiS^ 

hto,Ta,Cr,Mo,W,Nli,Ni,Pd f Pt,Cu,Aq,Au,C f Si f Ge,Ru,Os,R 
KRCXii4f©@jg|B^««C/jN3 < . t/c^^r. V,Nb, 
Ta , Cr ,Mo ,W ,Mn , Ni , Pd , Pt ,Cu ,Aq , Au ,C , Si p Ge , Ru ,0s ,RhR 

-5, $ 6^CGo-Cr,Co- V,Co~Mo,Go-W,Co- Re,Co-Ti , 
Go-Sm,Co-Mi,Co-Ta,Co-Zr,Co-Hf ,Go-Pd,Co- Pt.C 
o- Fe.Co- 0,Co-Cr- Rh ,Co-Cr- Ru ,Co- Cr-Ta,Co- C 
r-Zr,Co-Cr-Pt,Co-Cr-Pd,Co-Cr-Ti ,Co~Cr-Hf , 
Go- Ti - Ta^^T^B^^^tt^^^f BTi»^ £ tST 

^a^. WC*cl*Efttt**raiB8BWfc«#»&n*C 
£(<ctj;Z 0 C C rcoS 3 tc^^GoS 2 Tc^tflit^r 

sw^teecoivca^a. Tiic-en-enNb,TaR<>'pt, 

W^^L/cTiS^^*P^ll±CCjf^L/cCo-Crfia^ 
^»©fi8«8|$tt*Jg4ia (a) . §14^ (b) CCmU 
fe 0 co-Ci«tt^aoc*El«Jtt^iftC*Ti»^fija 

50 ii[fiam#tt^f#f>n/c 0 V.Cr.Mo.W^.Ni.Cu.Aq, 



r£<L&\mo7m&Ti( l cmmutcm&i>mmic. cog 

&MLUX, Cr.V.Mo.W.Ti.^.Re.Sm.FeR^O^^fiS;^ 

^ttl7C^S^O.lat%*^^Ur€>, 15at 

tc 0 CcrmjfE(DJ:^tcco-X27c^(CYgp^6il(in 
tc'ptj:< t h 1 acD7C^S^fi-CO.lat%«±2 5at%J^ 

Sgi, 3 tt^^v # »;> Office <tSfe<D(C 

> Office ifc^r «<DEfatt*S»tt ic&ztcxb 

r&& 0 C(D<fcOK:x^£ y > Office J: 

h «4>?tttt# x * ivoi% * T-^fin L x i> & immx$> 30 

«±cojffl*CC <fc 0 . * *y > i'(cj:0 #fiBt 
ttS«±«:#HBttcfi|HIJBi OT, V,Nb,Ta,Cr,Mo,W,Mn,N 
i^d^.Cu.Aq.Au^.Si.Ge.Ru.Os.RKa^'lr^^^-Saf 

te6>»*hfc*l>tt< <b& 1 *©7aR*StfTi3£^£tfi|H 
± J: 0> /v»i»«tt^JBtt»Sffi 

cc*tbrsia^rr5icccttiBioitt3&«iS<, 
immt i ] 

12,12' ttNi-P,Ni-W-PfeL<»Ctie>Sr3E/fc4^ 
»t-r*^**6flE*^W8tt^ 13,13' teTig 

^fe*>6J***8BEtt+fHW, 14,14' tt0o-Cr^6J«* 

15,15' teC,B,B 4 C t Si-C,Co 3 Q4 ,S 
ia ,Si 3 N, ,W-C.Si-C,2r-C*^6JiE^«agH»»"C 50 
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*0. «ti«ni*JUTCCm a rJ:9k:XfAd*i&. #&i3 
Ohm*. F*J&40mm<I\ J»Sl.aim©Al^^S«TLtD±«:, 
KJ¥20am(D^?8f4i2wt%P-Ni^y*Jil2 f i2' %B 

tCPP^im 3 lOnmCC ft S <£ 5 (C U T IS/? 4 1 5 ju 

<fc 0 StgSKlOO'C ,Ar*/;*)E0. yPa.RFfSLAm^SW/an 2 <D 

LT#fifct4*[fflJIi3,l3' tUfcft, pj— <D*/^*j£ 
fr-C21at%Cr-CoettHl4,14 / *J»flpt250nn^«6U/c o 
CC-C. #«tt*B»iLrTi»^*iaiB<ctt, v.n 
b I Ta,Cr ( Mo,W,f^ > Ni,Qj I C,SiSO f Ge*^^10at%8SJ!JDL 
X&f&LtcWBt* Pd.Pt.Aq^u.Ru.Os.RhRCKlr^rS^ 

n>x;^ £L S«SKioo e C,Ar^7XEi,3P 

6JSS*#»ttS«22 f 22' «Ti»6*}^6J5RS#88tt* 
KJ123.23' ttCo-Cr^^ejatST^SIRlStt^B, 2 

4,24' wc.BAc.si-c^efiRSffaiiHitJirfto, 

100 C C ,Ar# * EEO. 5Pa , Dd&AM;fr 7\N/arf (DXJ* v 

HHB22.22' iUdl H— OX^^^^feft:r20at%Cr 
-Co6at£Jl23,23' £JgJl200nrn7£fi&0/c o CCT\ 1^88 
tt4>NM£ LrOTi»^i»i|BBiectt. V,Nb,Ta,Cr,Mo, 
W, Mn , hh ,Cu ,C , SiRO'Ge£& ^ 8at%^J0 O T JBA U /c» 
Pch, Pd,Pt,Aq l Au,Ru f Os,RhSO ir Ir^#^3at%^JDL 

» ^^atcj: 5 t a«agioo'C , Ar^J^EEl. 3Pa,Dd8!A 
a^3tf/art , 'T?B^&StSfiiaSH»JB24,24' ^M/l20nm 

[tusni ] 

[JtKM2] 

*»«2CC*56tS#fiB84ifIIDIB22 1 22' ^Ti^fflKi 
[J:L$5^3] 

^SSW 1 CC*yW*#KBB4*IB»i3 f i3 f %m>tt&lft 
[tb®W4] 
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<&&<Dmmi&m$:m i gucm?. cc-c. c<>-cr«f4Ji 

©A 6 , o UCo- Cr<D002S*t©a y * > ^ffiigUD^ 



as 




A0 5o (g) 


HcJL(Oe) 






Ti-V 


5.7/4.8 


800/845 






Ti-Nb 


5.3/4.2 


720/830 






Ti-Ta 


5.0/4.1 


860/910 






Ti-Cr 


5.4/4.4 


730/900 






Ti-Uo 


5.8/5.0 


650/710 






Ti-W 


5.7/4.9 


670/730 






Ti-Mn 


5.6/4.7 


720/740 






Ti-Ni 


6.1/5.5 


530/610 






Ti-Cu 


5.5/4.6 


650/730 






Ti-C 


5.9/5.4 


580/620 






Ti-Si 


5.7/5.3 


630/700 






Ti-Ge 


5.8/5.4 


600/670 






Ti-Pd 


7.2/6.7 


830/880 






Ti-Pt 


5.2/4.5 


850/890 






Ti-Ag 


5.7/4.8 


670/710 






Ti-Au 


5.6/4.6 


690/730 






Ti-Ru [ 


5.5/4.7 


700/750 






Ti-Os 


5. 5/4. 6 


680/720 






Ti-Rh 


5.6/4.7 


710/780 






Ti-lr 


5. 7/4. 9 


650/680 




Ni-P/AI 


Ti 


11.8 


703 


tmmi 




Ti 


8.2 


1140 




Ni-P/Al 


L 


8.0 


325 






*L 


9.0 


380 


JtK«4 



9U>«rJ:9(c % *»W*cj:*itf % #^+m»£ ur<z> 



6#t<5#R&1iS^32 , 32' «Go- Zr- Mo,Fe- Ni ,Mo- Fe 

- Ni , Fe- co- ai - si&&&<DnmmmmBzm* 33,33' 
\trim&&frhi&z}m j &'pmm. 34,34' tta>-o* 
40 tf>%f&zttikjmm&&m. 35,35' &c,B,R,c,si- 

•tsfcjBfiSsns. ^b^^^s®3ii:^Dc-7y^hP 

>X^3f **»(C±0, K«aai50°C,Ar#*IE0.6P 
a. D(^A^6W/crn I <DX>'^->^^#r20at%Fe-hht 
L<ttCo~2r-MoKafiBW8Brtt»32 f 32' £JgU?500nnfl5 

jsu *©±ecra— <D^^^9^^ffr«T©TiS^* 

P^il *H» 2 , 5 , 1<® O'20nrnJB/i£ 0 r i m&Wfflm 33 , 3 
3' |HJ— ©^A y £^f^5at%Ta-i6at%Cr 

-Co4>b<«5at%2r- 15315^0^00^^34,34' «]£ 
50 J?200nmfl5fiROfc. CCV. #»tt*B!H<fc LTTiS^ 
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&$*f&MlCte. V^NbJa^r.Mo.W.Wi.Ni ,Cu ,C .Si&tfGe 
&&**±lat%miMLXBJ&Ltczg^±. Pd,Pt,Aq,Au,R 

SSlOO°C , Ar#*|£i . 3Pa, Dd£ Al^J Won 1 "CB^6^S 
&<£g?@i#Jl35 f 35' ^:^20nmffML, IMf-fX^ 

ss h • h ^F^') *H4£^U W 

&^CCo-V,Co-Mo,Co-W,Co-Re l Co-Ti ,Co~Sm,Co~ 
Nh,Co- Pd,Go- Pt.Co- Fe.Co- 0,Go~ Cr~ Rh ,Co~ Cr~ R 
u,Co-Cr-Ti ,Co-Cr-Hf ,Co- Cr-Pt,Co-Cr- Pd,Co- 
Ti - Ta, Co- Mo- Ta ,Co- W, Ri^CDT^^^tt^^Jl ^ 

HOffigfflofgl5,15' , 24,24' ©±tC^' 

- 7 p # »; x - f - £<DSWMB*2n 
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immmc^x. mzr-\&&&*Pmmtc*tbx. v,n 

b,Ta,Cr,Mo,W,Mi,Ni , Pd.Pt ,Cu f Ag,Au ,C,Si ,Ge,Ru,Qs ,Rh 

©c«iBlfiIt^CF»«»tt*^««:i»#G, &W&f2iS 

S 1 H . IS 2 HRf>' 3 H «#2felp3<D JUStfUOffi^if* ^ 
^^(DKffiH. (a) *$<fct«S4H (b) tt*£fc 

£ji<d c liiersitti M«*iST Brfca. 

11,21,31 

12,12' 

20 13,13' , 22,22' , 33,33' Iffi&mm* 

14,14' . 23,23' . 34,34' AV»*3R«tt^feJi, 

15,15' , 24,24' > 35,35' 

32,32' ftaHWKttJB. 
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